Bulk Fe 2 B and Fe 3 B alloys have been prepared by a self-propagating high temperature synthesis combining rapid solidification technique. The Fe 2 B and Fe 3 B alloys are composed of t-Fe 2 B dendrite and ultrafine eutectic matrix with t-Fe 2 B and -Fe, and the dendrites are rounded by the matrix. The volume fractions of the dendrite of the Fe 2 B and Fe 3 B alloys are 90% and 20%, respectively. The fracture strength reduces from 3400 MPa to 2660 MPa with the increase of dendrite content, but the strain at fracture rises markedly from 3% to 19%. The result indicates that a small quantity of dendrites embedded in the ultrafine eutectic matrix can reinforce the ductility.
Introduction
Bulk ultrafine/nano-structured materials have received considerable attention due to their advanced high strength compared with conventional coarse grained counterparts. [1] [2] [3] [4] [5] [6] However, the ultrafine/nano-structured materials with uniform grain size distribution have low ductility at room temperature, which has considerably restricted their applications in practical engineering areas. In order to improve the room temperature ductility of ultrafine/nano-structured materials, the composite materials were designed by a dendrite phase rounding by an ultrafine/nano eutectic matrix in the past few years. [7] [8] [9] [10] [11] [12] [13] [14] For example, Park et al. 8) reported that the yield strength and plasticity of Fe 88 Nb 12 alloy were 1.4 GPa and 13.0%, respectively. Yield strength of 1.8 GPa and plasticity of 6.7% in the case of the Ti 65 Fe 35 was obtained by Louzguine et al. 14) In summary, the structure of dendrite-ultrafine/nano composite can enhance the ductility of ultrafine/nano-structured materials. So, the dendrite-ultrafine/nano-structured Fe-B alloy was designed in this paper, which was expected to obtain high ductility.
So far, there are only a few reports on the mechanical properties of the ultrafine/nano-structured Fe-B alloys. However, the mechanical behavior of the Fe-B alloys has important impact on industrial applications. In this letter, the dendrite-ultrafine eutectic composite Fe 2 B and Fe 3 B alloys were prepared by a self-propagating high temperature synthesis (SHS) combining rapid solidification technique. We investigated the relationship between the dendrite contents in the composite structure and the mechanical behavior. A small quantity of dendrites embedded in the ultrafine eutectic matrix can reinforce the ductility obviously. However, the ductility reduces when the content of dendrite is up to 90%.
Experimental Procedure
The bulk Fe 2 B and Fe 3 B hypereutectic alloys were cast into a fully dendrite-ultrafine eutectic composite structure by a combination route of SHS processing and rapid solidification technique. This method was depicted in other literatures. [15] [16] [17] [18] The polished cross sections were investigated by X-ray diffractometry (XRD, Philips X'pert) using CuK radiation. The samples before and after compressive test were observed by a JSM-5600LV scanning electron microscope (SEM). Quasi-static uniaxial compressive tests were performed at room temperature with a crosshead speed of 6 Â 10 À4 s À1 . The cylindrical compressive specimens with a gauge length of 4.5 mm and a diameter of 2.8 mm were cut using an electro-discharging machine, the specimen surfaces were polished with 1000-grit emery paper. In order to minimize friction effects, the specimen-die interfaces were lubricated with graphite.
Results and Discussion
Figure 1(a) shows the XRD patterns of the as-prepared Fe 2 B and Fe 3 B alloys. Both the Fe 2 B and Fe 3 B alloys are composed of t-Fe 2 B and -Fe two phases. The strongest intensity of the (411) t /(110) value for Fe 2 B alloy is higher than that of the (211) t /(110) value for Fe 3 B alloy, which indicates that content of the t-Fe 2 B phase of the Fe 2 B alloy is more than that of the Fe 3 B alloy. The SEM secondary electronic images of the alloys are also shown in Fig. 1(b) , (c), (d). They both display a hypereutectic microstructure. The primary dendrites of t-Fe 2 B phase are rounded by the eutectic matrix. The Fe 2 B alloy ( Fig. 1(b) ) shows that the primary dendrite trunk thickness is about 25 mm, and the arm spacing of the dendrite is a few microns. However, the primary dendrite trunk thickness and spacing are about 5 mm and 15 mm in the Fe 3 B alloy, respectively. The space of the laminate in the eutectic matrix is in the range of 150 nm to 700 nm (Fig. 1(c) and Fig. 1(d) ), and the size of eutectic colonies is about 3-10 mm. Moreover, the volume fraction of the dendrite in the Fe 2 B alloy is about 90%, but only about 20% in the Fe 3 B alloy.
The compressive engineering stress-strain curves of the Fe 2 B and Fe 3 B alloys are shown in Fig. 2 . The Fe 2 B alloy displays the fracture strength of 3400 MPa and almost no strain deformation. However, the Fe 3 B alloy exhibits the fracture strength of 2660 MPa, and only yield strength of 1437 MPa, but the strain at fracture of 19% is observed impressively. The Fe 3 B alloy presents a continuous stress increase with strain increases. It indicates that continuous work hardening was produced at compression test of the Fe 3 B alloy.
'Softening' phenomenon on the fracture surfaces can be widely found in both the Fe 2 B and Fe 3 B alloys (Fig. 3) . The distinct viscous shear flow on the fracture surfaces of Fe 2 B alloy indicate that deformation fracture induced local temperature increase and local 'softening' of the samples at the moment of fracture. It is noticed that the dendrites in the Fe 2 B alloy are severely broken after fracture occurs, which was taken place in the surface of the fractured sample. But this phenomenon has not been found on the fractured surfaces of the Fe 3 B alloy (Fig. 3(c) ). The torsional dendrite of the Fe 3 B alloy was observed (Fig. 3(d) ). The torsional direction was denoted by the white and black arrows. Alhough lots of shear bands (directed by the black arrows) and slip bands are observed (Fig. 3(b) , presented white arrows), torsion of the dendrite is not observed on the fractured surfaces of the Fe 2 B alloy.
Obviously, the mechanical behavior is strongly influenced by the volume fraction and the morphology of the existing phases. The compatibility between the dendrite and eutectic structures is important for enhancing the ductility. For lower content of dendrite (about 20%) in the eutectic-dendrite composite Fe 3 B alloy, the shear strain and crack propagation were restrained by the primary dendrites. The shear bands emerge and propagate in the eutectic when the compressive deformation begins, then the shear bands may be spread into the dendrite phase. However, a higher lattice mismatch ( ¼ 0:027 nm) between the t-Fe 2 B (dendrite) and -Fe structures introduces coherency strain, which may be a favorable condition to prevent the shear band from propagating into the dendrite during deformation. So, the stress concentration increases in the interface of the dendrite and the eutectic and triggers the dendrite rotate to relieve the stress concentration before the sample ultimate fracture. 19) The torsional dendrite causes change of the local volume between the dendrites and the eutectic. 20) So, the eutectic colonies 7) rotate to accommodate the change of the local volume inevitably. Moreover, the refined eutectic structure brings the nucleation of a large number of shear bands to accommodate the shear strain at the interface, which also facilitates the rotation of the eutectic colonies. However, for higher content of dendrite (about 90%) in the eutecticdendrite composite Fe 2 B alloy, the increases of the stress concentration in the interface of the dendrite and the eutectic can not trigger the coarse dendrite rotate to relieve the stress concentration. Because the dendrites are coarse (the drunk is about 30 mm) and dense. Thus, deformation induces local temperature increase and local 'softening' at the interface. The softening sites promote further deformation. So, the instability of the deformation quickly occurs in the sample and trigger the 'deformation softening-more deformationstrong softening' cycle, leading to catastrophic fracture for sample. Therefore, although the high strength is reaped, catastrophic fracture occur at the compressive deformation instantaneously for Fe 2 B alloy.
Conclusions
In summary, the Fe 2 B and Fe 3 B alloys consist of t-Fe 2 B and -Fe two phases. The t-Fe 2 B dendrites are rounded by the ultrafine eutectic matrix. The dendrite contents of Fe 2 B and Fe 3 B are 90% and 20%, respectively. A small quantity of dendrites rounded by the ultrafine eutectic matrix can reinforce the ductility. However, the ductility reduces when the content of dendrite is up to 90%.
